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a  b  s  t  r  a  c  t
The  presence  of  acute  Chagas  disease  (ACD)  due to oral  transmission  is  growing  and
expanding  in  several  South  American  countries.  Within  the Amazon  basin,  the  Abaetetuba
municipality  has  been  a  site of recurrent  cases  spanning  across  distinct  landscapes.  Because
Chagas disease  is primarily  a zoonotic  infection,  we  compared  the  enzootic  Trypanosoma
cruzi  transmission  cycles  in  three  different  environmental  areas  of Abaetetuba  to better
understand  this  new  epidemiological  situation.  Philander  opossum  was  the  most  abundant
mammalian  species  collected  (38%  of the  collected  mammals)  with  a  T. cruzi  prevalence  of
57%,  as  determined  by  hemocultures.  Didelphis  marsupialis  was  abundant  only  in  the  area
with the higher  level  of  environmental  disturbance  (approximately  42%)  and  did  not  yield
detectable  parasitemia.  Despite  similarities  observed  in the  composition  of the  small  mam-
malian  fauna  and  the prevalence  of  T. cruzi  infection  among  the  studied  areas,  the  potential
of these  hosts  to  infect  vectors  differed  signiﬁcantly  according  to  the  degree  of land  use
(with prevalences  of 5%,  41%,  and  64% in  areas  A3,  A1 and  A2,  respectively).  Domestic  mam-
mals  were  also  found  to  be  infected,  and one  canine  T. cruzi  isolate  was obtained.  Our  data
demonstrated  that  the  transmission  of T. cruzi  in  the  Amazon  basin  is far  more  complex
than  had  been  previously  taught  and showed  that the probability  of humans  and  domestic
mammals  coming  into  contact  with  infected  bugs  can  vary dramatically,  even  within  the
same municipality.  The  exposure  of dogs  to  T.  cruzi  infection  (indicated  by  positive  serology)
was the common  feature  among  the  studied  localities,  stressing  the  importance  of selecting
domestic  mammals  as sentinels  in  the  identiﬁcation  of T. cruzi  transmission  hotspots.. Introduction
The classic picture of Chagas disease associated with Tri-
toma infestans in Brazil could be eliminated by routine
nsecticide spraying in campaigns associated with hous-
ng improvement – as was the case with the Southern
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Cone Initiative (Dias, 2007). The current epidemiological
proﬁle of Chagas disease, mainly based on oral transmis-
sion represents a new challenge for public authorities
because previously employed control measures are not
effective against this new phenomenon. The number of
cases attributed to the oral infection route has recently
Open access under the Elsevier OA license.increased in Brazil, particularly in the Amazon Basin, which
was formerly considered free of infection (Aguilar et al.,
2007; Pinto et al., 2009). In fact, Chagas disease is currently
considered a foodborne illness (Pereira et al., 2009).
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Trypanosoma cruzi, the etiological agent of Chagas dis-
ease, is a multi-host parasite that is adaptable to hundreds
of mammalian species that are found at all forest strata and
canopy levels. Furthermore, the species displays marked
heterogeneity, and six discrete typing units (DTUs) are cur-
rently recognized among T. cruzi isolates (Zingales et al.,
2012). These traits result in distinct occurrences of T. cruzi
transmission in the wild that depend on such factors as the
composition of local fauna and the habitat characteristics
(Jansen and Roque, 2010). Thus far, TcI, TcIII and TcIV are
the unique DTUs known to circulate in the Amazon Basin
(Póvoa et al., 1984; Marcili et al., 2009; Monteiro et al.,
2010).
The Amazon Basin contains the greatest biodiversity in
the world and comprises a mosaic of various faunas, habi-
tats and biomes, in addition to culturally diverse human
behavior (Betts et al., 2008). In the Brazilian Amazon
region, the enzootic transmission of T. cruzi among wild
mammals has been recognized for many decades (Deane,
1964; Lainson et al., 1979; Miles et al., 1981), but the ﬁrst
autochthonous case of Chagas disease was not described
until 1969 (Shaw et al., 1969). This region was the source
of 91% of the Brazilian cases of acute Chagas disease (ACD)
reported from 2007 to 2010 (SVS-MS, 2011). Cases from the
Amazon region are related to the ingestion of contaminated
food (mainly ac¸ aí and bacaba fruit juices), hunting activi-
ties, the harvest of babac¸ u and piassaba palm, and trans-
mission within homes from invading sylvatic bugs (Coura
et al., 2002; Nobrega et al., 2009; Valente et al., 2009). The
common factor among all of these distinct sources is human
exposure to the wild transmission cycle resulting from the
activities of humans in the natural environment.
Other than Belém (the capital of Pará State), the Abaete-
tuba municipality in the Amazon Basin is the municipality
in which the majority of Brazilian ACD cases has occurred.
According to the Secretary of Health from Pará State,
119 ACD cases were conﬁrmed in Abaetetuba between
2006 and 2011. Within Abaetetuba, Chagas disease occurs
frequently as outbreaks in a seasonal and recurrent fash-
ion and is spread across distinct localities that include
peripheral districts as well as preserved areas and regions
that are intermittently or continuously exploited by
humans. T. cruzi transmission in Abaetetuba depends
on the maintenance and transmission of the parasite
among the local wild mammalian hosts and is consistently
associated with non-domiciliated bugs. Because Chagas
disease is primarily a zoonotic infection, and considering
the various characteristics of the habitats in which the
T. cruzi transmission cycle occurs in Abaetetuba, the aim
of the present study was to evaluate T. cruzi infection in
domestic (dogs and pigs) and wild mammals from three
areas with different ecological landscapes and different
degrees of human interference and occupation. The risk of
human exposure to the wild transmission cycle of T. cruzi
is discussed for these distinct situations.
2. Materials and methods2.1. Study areas
The Abaetetuba municipality is located in Pará State
(S01◦43′05′′/W48◦52′57′′) and has an area of 1610 km2 thatsitology 193 (2013) 71– 77
includes more than 45 islands. The climate is tropical-
humid with annual rainfall of 2000–2500 mm.  The rainy
period is from January to August, whereas October and
November receives the lowest rainfall. The urban section of
the municipality is surrounded by peripheral regions that
display secondary vegetation and agricultural areas with
several remaining patches of the original Amazonian forest.
The remainder of the municipality is represented by islands
composed of freshwater swamp  forests (nestled between
diverse riverbanks) and areas with original and secondary
vegetation (Amazonian forest).
Three localities were selected according to a gradient of
land-use based on a governmental land-use map  (Fig. 1)
and were classiﬁed as follows: (A1) the Genipaúba locality,
which is a more preserved area with low human occupa-
tion density; the landscape is composed mainly of typical
Amazonian forest surrounded by freshwater rivers with
restricted areas of environmental disturbance; (A2) the
Ajuaí locality, which is an area presenting sparse human
habitation along a river bank; the landscape is composed
of vegetation that is reminiscent of the Amazonian forest
and is close to areas exploited for fruit harvest (mainly ac¸ aí)
and subsistence plantations along small freshwater rivers;
and (A3) peripheral districts with high human occupation
densities in the urban section of the municipality; the land-
scape is composed of regions with dense human occupation
surrounded by secondary vegetation in the periphery and
contains areas that were exploited for ac¸ aí harvest and have
been replaced by pastures and agriculture (Fig. 1). Expedi-
tions were conducted to each locality twice: once during
the wet  season (April (A1 and A2) and August (A3)) and
once during the dry (November (A1 and A2) and December
(A3)) of 2008. Wild and domestic animals from each loca-
tion were analyzed for T. cruzi infection.
2.2. Sample collection
Small mammals were collected with baited
Tomahawk® (Tomahawk Live Traps, Tomahawk, WI,
USA) and Sherman® (H. B. Sherman Traps, Tallahassee, FL,
USA) traps distributed in linear transects, with capture
points established 20 m apart from each other. The traps
were placed on the ground and in the understory, and
the total capture efforts (combining the two expeditions
for each area) yielded 1656, 1856 and 2868 traps-night
for areas A1, A2, and A3, respectively. When possible,
bats were also collected with special mist nets near the
small-mammal capture transects from 6 pm to 10 pm.
The morphological characteristics and body measure-
ments of all captured specimens were recorded for age
estimations and taxonomic identiﬁcation. The taxonomic
status of rodents and bats was  subsequently conﬁrmed by
karyological analyses (Bonvicino et al., 2002).
With the informed consent of their owners, blood
was  collected from domestic mammals (dogs and pigs)
by puncturing their cephalic or lateral saphenous veins
using heparinized vacutainer tubes. Wild mammals were
anesthetized (9:1, 10% ketamine chloridate and 2% acepro-
mazine), and their blood was  collected by cardiac puncture
in dry tubes. In a ﬁeld laboratory set up exclusively for
this purpose, blood samples were processed as follows:
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gig. 1. Land-use map  from the Abaetetuba municipality, modiﬁe
ttp://www.sepe.pa.gov.br/zee/shapes.asp,  accessed (07.6.11)) and illust
aúba  locality (A1), Ajuaí locality (A2), and peripheral districts (urban are
i) 0.6 ml  of blood was cultured in two tubes containing
ovy-Mc Neal-Nicole medium (NNN) with a liver infu-
ion tryptose medium (LIT) overlay (hemoculture), and (ii)
he remaining blood was  centrifuged, and the serum (wild
ammals) or plasma (dogs and pigs) that was  obtained
as stored at −20 ◦C prior to analysis in serological assays.
ll procedures were based on protocols that were approved
y the FIOCRUZ Committees of Bioethics (license 0015-07),
nd wild animal captures were licensed by the Brazilian
nstitute of Environment and Renewable Natural Resources
IBAMA/CGFAU/LIC) (license 3665-1).
.3. Parasitological and serological diagnostic procedures
Hemocultures were analyzed every other week for
hree (for seronegative mammals) or ﬁve (for seropositive
ammals) months. Positive hemocultures were ampliﬁed
or molecular characterization and cryopreservated in the
rypanosoma from Sylvatic and Domestic Mammals and
ectors Collection, Oswaldo Cruz Foundation (ColTryp).
Serological diagnoses were performed using an indi-
ect immunoﬂuorescence antibody test (IFAT) performed
sing an adapted IFI-Chagas Bio-Manguinhos Kit® (Fiocruz,
io de Janeiro, Brazil) (Camargo, 1966). Sigmodontinae and
urinae rodent sera were tested using anti-rat IgG ﬂuo-
escein isothiocyanate (FITC), and domestic animals were
ested using their respective anti-species IgG (Sigma®) con-
ugate. Echimyidae rodents and marsupials were tested
ith rabbit anti-Thrichomys spp. and anti-opossum spe-
iﬁc intermediary antibodies, respectively, and reactions
ere visualized using an FITC anti-rabbit IgG conju-
ate (Sigma®). The cut-off values adopted were 1:40 for the Secretary for Strategic Projects from Pará State (SEPE/PA,
e three studied areas in a gradient of environmental disturbance: Geni-
domestic mammals and marsupials and 1:10 for rodents,
as previously described (Roque et al., 2008). Dogs and mar-
supials were also screened for Leishmania spp. infection
using an IFI-Leishmania Bio-Manguinhos Kit® (Fiocruz, Rio
de Janeiro, Brazil) and antigens derived from a mixture of
Leishmania infantum and L. braziliensis parasites. Animals
with serological titers for Leishmania spp. equal or higher
the titers for T. cruzi were not considered to be infected
by T. cruzi if the T. cruzi titers were ≤1:80. Animals were
considered to be infected by both T. cruzi and Leishmania
sp. if the titers were >1:80 in both assays. For each assay,
samples from experimentally infected and non-infected
animals that were born in captivity were used as positive
and negative controls, respectively. Animals were consid-
ered to be infected by T. cruzi when the serological analysis
and/or hemoculture were positive.
2.4. Molecular characterization of parasites
Seventeen positive hemocultures were ampliﬁed in
LIT liquid medium at 28 ◦C for a maximum of three pas-
sages. Total genomic DNA was  prepared from logarithmic
phase cultures using standard phenol–chloroform pro-
tocols, as described elsewhere (Lisboa et al., 2006). Due
to bacterial contamination, two positive hemocultures
from A3 could not be ampliﬁed and characterized. A
mini-exon multiplex PCR was performed using a reverse
primer located in the conserved region of the mini-exon
gene 5′TACCAATATAGTACAGAAACTG 3′ and the for-
ward primers TcI 5′ACACTTTCTGTGGCGCTGATCG3′, TcII
5′TTGCTCGCACACTCGGCTGATCG3′, Z3 5′CCGCGWAC-
AACCCCTMATAAAAATG3′, Trypanosoma rangeli
ary Para74 A.L.R. Roque et al. / Veterin
5′CCTATTGTGATCCCCATCTTCG3′ (Fernandes et al., 2001).
The ampliﬁed PCR products were analyzed by ethidium
bromide-stained agarose gel electrophoresis (2%) and
visualized under UV light.
2.5. Statistical analysis
The comparison of the parasitological (positive hemo-
cultures) and serological (positive IFAT) data from the
three studied regions was performed using 2 ×2 contin-
gency tables and the Chi-square statistical analysis. The
test was performed using the software R (Version 2.11.1,
R Development Core Team, 2010) with the level of signif-
icance set at p < 0.05. The capture prevalence of the small
mammals (not including bats and anteaters) and the ratio
of T. cruzi infection in the Abaetetuba municipality were
calculated using the absolute number of captured spec-
imens or positive tests divided by the total number of
collected mammals or examined specimens.
3. Results
3.1. T. cruzi maintenance in the three studied areas
The differences shown by the land-use map  (Fig. 1) and
locally conﬁrmed by us was associated with the observed
differences in the relative abundance of M.  murina and
D. marsupialis. M.  murina was the second most-captured
species in the more preserved area (A1) and represented
nearly 30% of the total captured species. Despite their prox-
imity and similarity in composition of small mammalian
fauna and seropositive rate of T. cruzi, the three examined
regions displayed distinct enzootic T. cruzi transmission
characteristics. Although the prevalence of positive IFAT
was similar (p = 0.08), the prevalence of mammals with
detectable of T. cruzi parasitemia (which denotes infectiv-
ity potential) that were identiﬁed by positive hemocultures
was signiﬁcantly greater in A2 (64%) and A1 (41%) than in
the area with more extensive environmental disturbance,
namely A3 (5%) (p < 0.001) (Table 1). Consequently, the
region with an intermediate degree of disturbance (A2)
also displayed a higher prevalence of positive IFAT among
domestic mammals (p < 0.001). Notably, A2 was  also the
area in which we obtained the unique T. cruzi isolate from
dogs (Table 2).
3.2. T. cruzi infection in wild and synanthropic mammals
The population of small mammalian fauna collected in
the three study areas was predominantly composed of mar-
supial species (83.6% of the collected mammals). Philander
opossum was the main T. cruzi reservoir in Abaetetuba, as
it was the most abundant mammalian species captured in
both wet and dry seasons (38.2% of the collected mammals)
and displayed the potential to infect a vector (a prevalence
of 57.1% in the positive hemocultures) (Table 1). Only in A3
was Didelphis marsupialis the most abundant mammalian
species collected (41.6%), but all of these animals yielded
negative hemocultures. Even in this area, P. opossum was
abundant (29.1% of the collected mammals), with 71.4%
serologically positive to T. cruzi, and one positive hemo-
culture. Among the other captured species, only Marmosasitology 193 (2013) 71– 77
murina in A1 was  relatively abundant; however, despite
infection of this species with T. cruzi (66.7% [2/3] IFAT pos-
itive), no positive hemocultures were obtained (Table 1).
Other less abundant species, such as D. marsupialis in A1
and A2, M.  murina and Micoreus demerarae in A2, and Art-
bieus planirostris and Tamandua tetradactyla in A3, also
had detectable parasitemia (as demonstrated by positive
hemocultures). Eleven juvenile marsupials were captured,
and eight of them (all from A3) were seropositive. All the
rodents were negative in both the serological and parasito-
logical assays to T. cruzi (Table 1).
Fifteen parasitic isolates were identiﬁed as T. cruzi (TcI),
and two isolates were identiﬁed as T. rangeli.  Two other
isolates, from P. opossum and Artibeus spp. captured in
A3, were positive via hemoculture, but parasitic ampliﬁ-
cation and molecular characterization were not achieved
(Table 1).
3.3. T. cruzi infection in domestic mammals
The presence of anti-T. cruzi antibodies demonstrates
that both dogs and pigs had been exposed to T. cruzi infec-
tion in all three regions. The prevalence of positive IFAT
was  highest in A2 (p < 0.001), whereas the other two areas
displayed similar T. cruzi serological prevalence (p = 0.35)
(Table 2). Only one dog from A2 yielded positive hemo-
cultures. The same dog was examined 7 months later and
remained positive by hemoculture. Both cultures were
characterized as TcI and consistently had positive sero-
logical IFAT tests. Another 4 dogs from A2 were evaluated
twice (2 positive and 2 negative), and their serological titers
remained the same in both examinations. The pigs showed
a higher serum prevalence (higher exposure to the T. cruzi
transmission cycle) than the dogs in A2 (p = 0.004). This dif-
ference was  not statistically signiﬁcant in the other two
areas, due to the low number of dogs (n = 4) and pigs (n = 9)
that were evaluated in A1 and A3, respectively (Table 2).
4. Discussion
The presence of Didelphis species has been recognized
as a strong indicator of environmental disturbance (Austad,
1988; Oliﬁers et al., 2005). and as expected, the Didel-
phis species was  the most prevalent mammalian species
in A3. The prevalence of T. cruzi detected by IFAT (indi-
cating the exposure of the wild mammals to the T. cruzi
transmission cycle) was  similar among the studied local-
ities. In contrast, the prevalence of positive hemocultures
(which indicates the potential of these hosts to infect vec-
tors) demonstrated that the chance of human contact with
infected bugs should be quite different among the stud-
ied localities. At least three important conclusions can be
drawn from the observed enzootic situations: (i) regardless
of the area and its degree of land-use, P. opossum was  the
most important T. cruzi reservoir host, as seen in its high
relative abundance, high prevalence of T. cruzi infection
and detectable parasitemia. This marsupial species is asso-
ciated with gallery forests and can be found in terrestrial
and arboreal strata, (ii) the fauna composition and relative
abundance alone are insufﬁcient for identifying risk areas
because, although exposure to the parasite (positive IFAT)
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Table 1
Capture and prevalence of infection by T. cruzi in the small mammalian fauna examined in Genipaúba (A1), Ajuaí (A2) and peripheral districts (A3) localities, Abaetetuba municipality, in wet (W)  and dry (D)
seasons.
Small mammalian
fauna
Capture prevalence (number of
animals)
IFAT (positive mammals) Hemoculture (parasite recovery) Parasite characterization
Order Species A1 A2 A3 A1 A2 A3 A1 A2 A3 A1 A2 A3
Marsupialia D. marsupialis 11.1%
(2D)
15.4%
(2D)
41.6%
(10[5W5D])
100%
(1/1)
100%
(2/2)
100%
(10/10)
100%
(1/1)
100%
(2/2)
0%
(0/10)
TcI (1) TcI (2) –
M.  murina 27.9%
(5[1W4D])
7.7%
(1W)
4.2%
(1W)
66.7%
(1W+1D/3)
100%
(1/1)
0%
(0/1)
0%
(0/5)
100%
(1/1)
0%
(0/1)
– TcI (1) –
Metachirus nudicaudatus 5.5%
(1D)
n.c. 4.2%
(1W)
n.d. n.c. 0%
(0/1)
0%
(0/1)
n.c. 0%
(0/1)
– n.c. –
Micoureus demerarae n.c. 7.7%
(1D)
4.2%
(1W)
n.c. 100%
(1/1)
0%
(0/1)
n.c. 100%
(1/1)
0%
(0/1)
n.c. TcI (1) –
P.  opossum 38.9%
(7[2W5D])
53.8%
(7W)
29.1%
(7[3W4D])
85.7%
(2W+4D/7)
57.1%
(4/7)
71.4%
(3W+2D/7)
85.7%
(2W+4D/7)
71.4%
(5/7)
14.3%
(1D/7)
TcI (6) TcI (3)
T. rangeli (2)
n.d.
Rodentia Mus  musculus n.c. 7.7%
(1W)
n.c. n.c. 0%
(0/1)
n.c. n.c. 0%
(0/1)
n.c. n.c. – n.c.
Nectomys rattus n.c. n.c. 4.2%
(1D)
n.c. n.c. 0%
(0/1)
n.c. n.c. 0%
(0/1)
n.c. n.c. –
Hylaeamys megacephalus n.c. 7.7%
(1D)
n.c. n.c. 0%
(0/1)
n.c. n.c. 0%
(0/1)
n.c. n.c. – n.c.
Oecomys  sp. 5.5%
(1D)
n.c. n.c. n.d. n.c. n.c. n.d. n.c. n.c. – n.c. n.c.
Proechimys roberti 11.1%
(2D)
n.c. n.c. 0%
(0/1)
n.c. n.c. 0%
(0/2)
n.c. n.c. – n.c. n.c.
Rattus  rattus n.c. n.c. 4.2%
(1W)
n.c. n.c. 0%
(0/1)
n.c. n.c. 0%
(0/1)
n.c. n.c. –
Rhipidomys sp. n.c. n.c. 8.3%
(2D)
n.c. n.c. n.d. n.c. n.c. 0%
(0/2)
n.c. n.c. –
Chiroptera Artibeus sp.b n.c. –a
(1W)
–a
(22[16W6D])
n.c. n.d. n.d. n.c. 0%
(0/1)
4.5%
(1D/22)
n.c. – n.d.
Carollia  perspicillata n.c. n.c. –a
(3W)
n.c. n.c. n.d. n.c. n.c. 0%
(0/3)
n.c. n.c. –
Molossus  rufus –a
(1D)
n.c. –a
(2D)
n.d. n.c. n.d. 0%
(0/1)
n.c. 0%
(0/2)
– n.c. –
Sturnira  lilium n.c. n.c. –a
(2D)
n.c. n.c. n.d. n.c. n.c. 0%
(0/2)
n.c. n.c. –
Pilosa  T. tetradactyla n.c. n.c. –a
(1W)
n.c. n.c. n.d. n.c. n.c. 100%
(1/1)
n.c. n.c. TcI
Total 19
(3W16D)
14
(10W4D)
54
(32W+22D)
75.0%
(9/12)
61.5%
(8/13)
68.2%
(8/22)
41.2%
(7/17)
64.3%
(9/14)
5.5%
(3/54)
TcI (7) TcI (7)
T. rangeli (2)
TcI (1)n.d. (2)
nc: not captured; n.d. = not determined; W:  data from wet season (April (A1 and A2) and August (A3) of 2008); D: data from dry season (November (A1 and A2) and December (A3) of 2008).
a Not included in the calculation of capture prevalence.
b Artibeus planirostris (19) and Artibeus literatus (4).
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Table  2
Prevalence of T. cruzi infection by IFAT and hemocultures in domestic
animals examined in Abaetetuba municipality in wet  (W)  and dry (D)
seasons.
Localities Serum prevalence Hemoculture
prevalence
A1 17.2% (5/29) 0% (0/29)
Dogs 0%W (0/4)//n.d.D (0/0) 0% (0/4)
Pigs 57.1%W (4/7)//5.5%D (1/18) 0% (0/25)
A2  63.3% (31/49) 3.7% (2/54a)
Dogs 57.1%W (4/7)//27.3%D (3/11a) 11.1% (2/18a)
Pigs 92.0%W (23/25)//36.4%D (4/11) 0% (0/36)
A3  25.3% (39/154) 0% (0/158)
Dogs 45.1%W (23/51)//17.0%D (16/94) 0% (0/145)
Pigs 0%W (0/9)//n.d.D (0/0) 0% (0/9)
a Considering 5 animals that were re-evaluated 7 months later; W:  data
Conﬂict of interestfrom wet season (April (A1 and A2) and August (A3) of 2008); D: data from
dry  season (November (A1 and A2) and December (A3) of 2008).
was similar in all three areas, the potential of these hosts
to infect vectors (expressed by positive hemocultures) was
different, and (iii) the abundant presence of D. marsupialis,
considered to be the main reservoir of T. cruzi, does not
indicate epidemiological risk because the area (A3) that dis-
played the greatest abundance of this mammalian species
was also the area that presented the lowest prevalence of
positive hemocultures among examined mammals. Addi-
tionally, it was striking that in the Amazon Basin, where TcI
is predominant in both human and mammals, the presence
of D. marsupialis was not as critical for the maintenance of T.
cruzi in the endemic Abaetetuba area, as has been described
for other non-Amazonian regions (Fernandes et al., 1999).
The higher the prevalence of mammals with positive
hemocultures in the wild, the greater was the chance that a
given vector could acquire the parasite while feeding on an
infected mammal. In places where the population reported
hunting activities, T. cruzi transmission may  occur dur-
ing the cleaning of meat or the contamination of cooking
utensils, rather than during ingestion of the meat, which
has never been reported to be consumed raw or under-
cooked. Domestic mammals may  become infected by (i) the
classical contaminative route, (ii) the ingestion (acciden-
tal or not) of infected bugs, (iii) the ingestion of foodstuff
contaminated by the feces of infected bugs, and (iv) preda-
tion while hunting for infected small wild mammals (only
for dogs). The scenario observed in Abaetetuba favor the
ﬁrst two hypotheses. The predation of infected mammals
does not seem to be an important infection route for dogs
because the majority of dogs’ owners did not report this
type of behavior. In addition, T. cruzi infection was detected
in young dogs (that do not yet hunt), and infected bugs
are common near human dwellings. Thus, humans and
domestic mammals most likely become infected after the
accidental ingestion of infected triatomines.
The scenario observed in A2, in which the natural
environment is progressively being modiﬁed by ac¸ aí mono-
cultures, is the most common situation throughout rural
areas of Pará State. We  were unable to explain why  this
moderately degraded area displayed higher prevalences of
positive hemocultures among wild mammals and positive
IFATs in domestic mammals when compared to the othersitology 193 (2013) 71– 77
two  areas for the following reasons: (i) the dilution-effect
hypothesis, based on the reduction of mammalian diver-
sity and the selection of suitable T. cruzi reservoirs (Keesing
et al., 2006; Roque et al., 2008), does not ﬁt here because
the richness and composition of the fauna were similar
among the areas, (ii) the recent occupation of the land-
scape could not be responsible because this area has been
exploited by the local population for decades, and (iii) the
capture success (approximately 1%) was  similar among the
three studied areas, demonstrating no bias in between-area
comparisons.
This puzzling scenario stresses the importance of select-
ing domestic mammals as sentinels for identifying areas
at risk for the emergence of Chagas disease (Roque and
Jansen, 2008). In this sense, in Abaetetuba, dogs act as sen-
tinel hosts because they present a serologically detectable
infection and can indicate areas in which T. cruzi transmis-
sion is occurring, thus enabling the identiﬁcation of hotspot
regions (Xavier et al., 2012). The isolation of T. cruzi from the
same dog at a 7-month interval and the characterization of
the parasite (TcI, which is associated with human infection
in this area) indicate that dogs may  act as T. cruzi reser-
voirs, being able to infect vectors in A2. When the distinct
situations of the three studied localities were considered,
the common factor among these areas was  the exposure
of dogs to T. cruzi infection, as expressed by their posi-
tive serology. This ﬁnding supports an important measure
that can be immediately employed in the identiﬁcation of
T. cruzi transmission areas: the routine use of domestic ani-
mals as sentinels to monitor the epidemiological risk of
Chagas disease (Xavier et al., 2012).
The use of dogs as sentinels has already been proposed
for Chagas disease (Estrada-Franco et al., 2006; Gurtler
et al., 2007) and other zoonotic diseases (Scotch et al.,
2009). These animals are usually easy to handle, and their
movements can be monitored relatively consistently. Blood
collection and subsequent serological assays (or sending
the serum samples to governmental central laboratories
for diagnosis) do not require great resources or high levels
of infrastructure (Jansen and Roque, 2010). The recognition
that seropositive dogs reﬂect exposure to T. cruzi and thus,
may  indicate T. cruzi transmission hotspots. Within Abaete-
tuba, the various enzootic situations each reﬂect a distinct
opportunity for human contact with infected bugs and indi-
cate the importance of adopting unique and micro-regional
measures for disease control.
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